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Fig. S1. Raman characterization of nanoporous graphene. Table S1 . Relationship between CVD condition, density, tube size, and tension testing results of nanoporous graphene. Table S2 . Indentation testing results of nanoporous graphene with different densities. Raman spectra of nanoporous graphene with different CVD time (0.3-2 minutes) at 1000 °C. The nanoporous Ni substrates were pre-annealed at 1000 °C for 40 minutes. (C) Raman spectra of nanoporous graphene with different CVD time (0-2 minutes) at 1000 °C on long time annealed nanoporous Ni substrates. The nanoporous Ni substrates were pre-annealed at 1000 °C for 5 hrs. Different from the short time annealed nanoporous Ni substrates (B), the CVD time does not show good correlation with the graphene thickness as revealed by the intensities of 2D and G bands. (D) Raman spectra of nanoporous graphene CVD synthesized at 900 °C with different time on the nanoporous Ni substrates that were pre-annealed at 900 °C for 3 min, 2 hrs, 5 hrs and 10 hrs. The CVD condition marked on each Raman spectrum represents the temperature of np-Ni annealing and graphene growth, np-Ni annealing time, and graphene growth time. For example: 900 °C-2hr-5min denotes that the np-Ni substrate is annealed at 900 °C for 2 hours and subsequently the CVD growth of nanoporous graphene is conducted at 900 °C for 5 minutes. The number of graphene layers (thickness of graphene/tube wall), characterized by I2D/ID band ratio, can be tuned from monolayer/bilayer to multi-layer by increasing the graphene growth time, except the samples grown on the np-Ni substrates which are pre-annealed at 1000 °C for the time longer than 2 hrs. The density of the nanoporous graphene is tuned by changing the CVD condition therefore, tailoring the wall thickness of tube and tube/pore size. While the wall thickness and number of graphene layer in mono or bilayer graphene can be explained by the full width at half maximum of the 2D band and the ratio between 2D band and G band intensity of Raman spectra, the method is not reliable to determine the layer number of multilayer graphene and thus a complementary method needs to be used.
In order to evaluate wall thickness of tube (number of graphene layer), we measured the specific surface area and density of nanoporous graphene@Ni after CVD treatment at different conditions. The specific surface area was determined by the Brunauer-Emmett-Teller (BET) method using a high precision surface area analyzer (BELSORP-mini II, BEL. JAPAN. INC) at 77.0 K. The wall thickness of tube was then determined by the density of nanoporous graphene and specific surface area of nanoporous structure according to the following equations SV npNi = SA npNi ×ρ npNi = 1/2× SV npG (eq. 1)
SA npNi and ρ npNi are specific surface area and density of nanoporous graphene@Ni respectively. SV npG is volumetric surface area of nanoporous graphene that is twice the volumetric surface area of np-Ni (SV npNi ) considering both side of tubular structure. Multiplying the volumetric surface area of nanoporous graphene@Ni (SV npNi ) by wall thickness of t would result in the volume of graphene at 1 cm 3 . Finally, having the density of nanoporous graphene (ρ npG ) and the density of graphite (ρ G ), the wall thickness can be calculated by Equation 3. Number of graphene layers can be determined by t/0.35, where the t is wall thickness of tubes in nm and the value of ~ 0.35 nm is interlayer spacing of multilayer graphene. Similar method can be used to evaluate the number of graphene layer for CVD grown graphene utilizing porous metallic templates (13). 
